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. ABSTRACT

The tectono-stratigraphic relationships, depositional environments, rock
associations and major (129 samples) and trace (35 samples) element
compositions of the late Archean (2743 - 2695 Ma) bimodal basalt-rhyolite
volcanic rocks of the Michipicoten (Wawa) greenstone belt, Ontario are
compatible with an origin along a convergent plate margin that varied
laterally from an immature island-arc built on oceanic crust to a more mature
arc underlain by continental crust, similar to the Cenozoic
Taupo-Kermadec-Tonga volcanic zone. Michipicoten basaltic rocks, mosf of
vhich are similar compositionally to modern oceanic island-arc tholeiites,
are interpreted to have formed along the largely submerged island-arc.
Voluminous Michipicoten rhyolitic pyroclastic rocks are believed to have been
erupted subaerially from the continental-arc, and in large part, deposited
subaqueously on the adjacent oceanic island-arc. The compositional
similarity between the lower (2743 Ma) and upper (2695 Ma) volcanic sequences
of the belt suggests that this island- and continental-arc configuration
existed for at least 50 Ma. The Michipicoten belt may be a remnant of a
larger, laterally heterogeneous volcanic terrane that also included the

Abitibi greenstone belt.



1. Introduction

Two important observations have been made in recent years that bear
directly on the tectonic setting of late Archean (2760-2700 Ma) greenstone
belts of the Canadian Shield. First, volcanic rocks that comprise many of
the belts are largely bimodal in composition, with voluminous rhyolites that
in many cases are equal to associated basalts in abundance [1]. Second,
sedimentologic [2] and isotopic [3] data indicate that pre-2760 Ma old sialic
crust existed beneath, or along the flanks of, many greenstone belt
sequences, at least for the time during which some of their volcanic,.
plutonic and sedimentary components were being formed.

These observations have led many workers to reject oceanic island-arc [4]
and continental-arc [5] models for the origin of the belts, in favor of
intracontinental rift models [6,7], based on the well-known [8] Cenozoic
association of voluminous bimodal basalt-rhyolite volcanism and extensional
tectonism within continental terranes. In this paper, the
tectono-stratigraphic relationships, depositional environments, rock
associations and chemical characteristics of the particularly well-exposed
late Archean bimodal volcanic rocks of the Michipicoten (Wawa) greenstone
belt, Ontario (figure 1) are shown to be analogous to Cenozoic volcanic rocks
found at convergent plate margins. Thus, the Michipicoten belt more likely
originated at a convergent plate margin rather than in an intracontinental

rift.



2. Geologic relationships

The Michipicoten greenstone belt is an Archean volcanic-sedimentary
sequence that has undergone a complicated history of folding, faulting,
granitoid intrusion and greenschist facies metamorphism. The geology of the
belt has been described by several workers [9-11], but the mapping of Attoh
[12,13] forms the basis of the discussion presented here (figure 2, 3).
Studemeister [14] has studied the greenschist facies mineralogy of the
volcanic and plutonic rocks. Turek et al. [15] have dated selected felsic
volcanic rock units by the U-Pb zircon method, delineating the ages of
volcanism within the belt and identifying granitoid units older than the
greenstones in the surrounding gneiss terrane.

Three time-equivalent stratigraphic sequences of volcanism (figure 4),
each including both mafic and felsic rocks, have been recognized in the
Michipicoten belt. The lower volcanic sequence is the most well-preserved
and consists of a largely mafic unit (MV1) locally overlain conformably by a
thick (less than 300m up to about 2000m), mainly felsic (rhyolitic) volcanic
succession (FV1), which was emplaced about 2743 Ma ago [15]. 1In the
Michipicoten Harbour area (figure 2), an undated basal felsic flow unit is
structurally discontinuous with the mafic sequence. Along the northern
margin of the belt, epiclastic sediments are deposited on, and probably
derived from, apparently older granitoid rocks (column D, figure 4). The
sediments are overlain by felsic volcanics (and iron formation) that may be
time-correlative with the Michipicoten Harbour felsic lava flows.

The middle volcanic sequence is separated from the lower sequence by
chert-siderite-pyrite-magnetite-bearing (Algoma-type) banded iron formation
[16]. The tectono-stratigraphic relationship between the mafic and felsic

volcanic rocks of the middle sequence is not well-understood, however, the



felsic rocks are believed to have an age of about 2717 Ma [15]. A pebble- to
boulder-size conglomerate, the Dore Formation, and time-equivalent greywacke,
shale, siltstone and mudstone units unconformably overlie the middle volcanic
sequence. In the Michipicoten Harbour sequence, the pre-Dore volcanics show
evidence of erosion and folding prior to Dore deposition.

In the Josephine Lake-Mildred Lake area of the belt (figure 3), mafic
flows of the upper volcanic sequence conformably overlie the Dore sedimentary
rocks, and a thick (up to 2000m) breccia unit unconformably overlies the
mafic flows. Upper sequence felsic volcanic rocks such as those at Catfish
Lake, which have been dated at 2695 Ma [15], locally cap the sequence (column
B, figure 4).

A distinctive characteristic of the Michipicoten belt is the excellent
exposure of thick, well-preserved sequences (up to 2000m for unit FV1, up to
500m for unit FV3) of felsic volcanic rocks. Many other greenstone belts of
the Canadian Shield have had substantial portions of their felsic volcanic

rocks removed by erosion [17].

3. Depositional environments

The physical characteristics of the volcanic, volcaniclastic and
sedimentary rock units of the Michipicoten belt reflect subaerial, shallow
subaqueous and locally deeper water depositional environments. Most of the
mafic volcanics are pillowved lava flows and hyaloclastites erupted under
subaqueous conditions, but at least local subaerial mafic volcanism is
suggested by the high amygdule content of some non-pillowed flows [18].

Several types of felsic volcanic rocks also have been recognized in the
belt including subaerial lava flows and domes, shallow water accretionary

lapilli-bearing hyalotuffs, and massive to bedded pyroclastic flows, which




volumetrically dominate the volcanic sequence [12,18]. The massive
pyroclastic flows are similar to modern non-welded subaerial ash-flow tuffs,
wvhereas the bedded pyroclastics are interpreted to be eruption column
collapse deposits that were carried down the flanks of subaerially emergent
tuff cones, and onto the ocean floor, by mass flow and turbidity currents.
Thin, well-bedded ash-size deposits comprise the upper layers of both the
proximal and distal parts of the bedded pyroclastic flows and are believed to
have been deposited from turbulent suspensions. The proximal ash beds are
similar to the "proximal bedded pyroclastic-flow (PBPF) deposits" described
recently from Mount St. Helens [19].

The thick, poorly sorted polymictic breccia unit that comprises a large
part of the upper volcanic sequence has a similarly complex depositional
history. Attoh [13] interprets the unit to be a subaerial debris flow with
subaqueously deposited distal components interbedded with pillowed mafic
volcanic rocks. The breccia is composed of rhyodacitic to rhyolitic
block-size fragments in a felsic granular matrix, suggesting a largely felsic
source terrane.

The sedimentary rocks of the Michipicoten belt include two facies
associations [20]. A marine association includes conglomerate, greywacke and
mudstone that probably were deposited on submarine fans or volcano flanks by
turbidity currents. A non-marine assemblage of cross-bedded sandstone and
conglomerate is interpreted to have been deposited in braided fluvial and
alluvial fan environments. Felsic volcanic sources were dominant for both

sedimentary associations.




4. Compositional data

Vhole rock major element analyses were made for 91 samples from unit MV1
and 27 samples from unit FV1 of the Michipicoten belt. In addition, 17
samples from unit MV1 and 14 samples from unit FV1 that show the least
petrographic (quartz or calcite veins not present) and chemical (HZO + 002
usually < 3.0 wt.%, otherwise < 4.0 wt.X) effects of alteration were analysed
for trace elements.1 Representative analyses are presented in Table 1.

The chemical data indicate that the lower volcanic sequence is bimodal in
composition (figure 5), with basalts and rhyolites dominant volumetrically.
Dacites (62 - 70 wt.X% Sioz) are less abundant and andesites (57 - 62 wt.%
5102) are rare. Individual samples of basalt and rhyolite, within units MV1
and FV1, respectively, have similar major and trace element compositions;
this supports the tectono-stratigraphic correlation presented in figure 4.

In detail, unit MV1 is composed of basalts and basaltic andesites (49.4 -
56.4 wt.X Sioz), although dacites (65.2 - 66.2 wt.% Si02) and relatively
high-silica (74.7 - 78.5 wt.%) rhyolites are present in minor amounts. Two
types of basaltic rocks are recognized (figure 6): enriched ([La/Sm]n =1.9
- 2.6, Th = 2.0 - 3.0 ppm, Ta = 0.59 - 0.95 ppm, Sr = 310 - 520 ppm, Sc =
20.8 - 37.9 ppm, Co = 19.3 -~ 39.1 ppm) and depleted ([La/Sm]n = 0.55 - 1.07,
Th = 0.16 - 0.71 ppm, Ta = 0.13 - 0.30 ppm, Sr < 250 ppm, Sc = 39.4 - 45.
ppm, Co = 42.6 - 59.9 ppm). Both basalt types exhibit relatively low Mg#'’s
(100Mg/ {Mg + total Fe} ranging from 57.4 to 65.4 for enriched basalts, and
between 36.9 and 59.3 for depleted basalts), suggesting significant

differentiation following extraction from their mantle source regions, or

1 A complete list of analyses may be obtained from the authors.

Compositional data described in the text are normalized volatile-free.




derivation from a mantle atypically rich in iron. MVl depleted basalts are
much more widespread and voluminous than the comparatively rare MV1 enriched
basalts; thenlatter have been identified only at the bottom of the mafic flow_
sequence exposed in Michipicoten Harbour, overlying the thick basal felsic
flow unit (column A, figure 4).

The dacites of unit MVl are interbedded with the depleted basalts and
exhibit the distinctive HREE-depleted sighature (figure 6, [Tb/Yb]n = 2.3,
Ybn = 3.5 - 4.3) characteristic of many Archean dacites [22] and some modern
dacites formed at convergent plate margins [23]. 1In contrast, the rhyolitic
pyroclastic rocks of unit MV1 occur at an enriched/depleted basalt interface
(figure 2) and are characterized by positive HREE slopes and large negative
Eu anomalies (analysis #4, Table 1). A thin high-silica rhyolite lava flow
is interbedded with depleted basalts in the Andre Lake area (figure 3). The
flowv is diluted in REE, Hf, -Th, U and Zr relative to the MV1 rhyolite
pyroclastic unit (analysis #5, Table 1).

Unit FV1 is composed of rhyolites (71.9 - 79.6 wt.X Sioz) and
volumetrically subordinate dacites (62.2 - 68.8 wt.X Sioz). High- and
low-silica rhyolites in the unit have parallel REE patterns characterized by
LREE-enrichment, small negative Eu anomalies and rather flat HREE slopes.

The dacites of unit FV1, in contrast to the dacites of unit MV1l, are
HREE-undepleted ([Tb/Yb]n =1.2 ~ 1.7, Tbn = 6.4 - 9.4) and more iron-rich.
FV1 dacites have REE patterns similar to FV1 rhyolites (figure 6), suggesting
a genetic relationship.

Basalts (analysis #6, Table 1) that are similar compositionally to the
enriched basalts of unit MV1 comprise a minor volume of unit FV1. FV1
basalts have REE patterns shaped similar to those of the FV1 dacites and

rhyolites, but are enriched in Sm, Eu, Tb and Yb abundances. Thus, it is




unlikely that the felsic rocks were produced from the basalts by fractional
crystallization.

The chemical characteristics of unit FV3 of the Michipicoten belt also
have been studied. Major and trace element determinations were made for 4
samples; 11 samples were analysed for major elements only. The unit consists
of voluminous rhyolitic rocks interbedded with smaller amounts of dacite and
basalt. Representative analyses of low- and high-silica rhyolite from the
unit are listed in Table 1. The FV3 rhyolites are compositionally similar to
FV1 rhyolites, particularly with respect to trace elements (e.g., both have
[Tb/Yb]n = 1.2 - 1.5), hovever some high-silica rhyolite samples may be

distinguished by very large negative Eu anomalies ([Sm/Eu]_ = 20.2 - 34.7).
n

5. Discussion
5.1. A Cenozoic analogue

The main geologic features of the Michipicoten greenstone belt -- i.e.,
older granitoid rocks flanking an interbedded sequence of basalts, clastic
sediments and voluminous felsic pyroclastic rocks deposited primarily, but
not exclusively, in a subaqueous environment -- also are characteristic of
the rock association present at some Cenozoic convergent plate margins, such
as the Kamchatkan and Alaska Peninsula volcanic arcs [24], the Japanese
Islands arc [25] and the Taupo-Kermadec-Tonga volcanic zone [26] (figure 7).
Along the plate margin of the latter example, subduction is occurring beneath
both an immature island-arc built on oceanic crust (Kermadec-Tonga Ridge) and
a more mature arc underlain by continental crust (Taupo volcanic zone).
Volcanism along the oceanic island-arc is mainly basaltic and largely

subaqueous, because the arc is almost completely submerged. However,



volcanic islands (the Kermadec and Tonga islands) locally breach sea level
and have produced subaerial lava flows.

In contrast, volcanism in the Taupo volcanic zone of New Zealand, which
is a continental-arc that is presently undergoing extension, is
overvhelmingly (>97.4X) rhyolitic in composition [27]. Moreover, the
volcanism is explosive and consequently much of the rhyolitic material
erupted from the Taupo volcanic zone actually has been deposited off the
'northeastern flank of the New Zealand continental margin and on the adjacent
sea floor [28]. For example, eighty percent of the Taupo pumice has been
deposited at sea, more than 220 km from the vent [28].

Interfingered submarine deposits of oceanic island-arc basalt,
continental-arc rhyolite and clastic sediment, formed at a convergent plate
margin similar to the Taupo-Kermadec-Tonga arc, may provide a modern analogue
for the subaqueous basalt, rhyolite and sediment deposits present in the
Michipicoten greenstone belt. This analogy suggests that the Michipicoten
belt originated along a plate margin that varied laterally from an immature
(i.e., basaltic) island-arc built largely on oceanic crust to a more mature
arc underlain by continental crust.

Subaqueously-deposited Michipicoten basalts formed as lava flows along
the submerged island-arc, vhereas interbedded felsic rocks originated as
pyroclastic flows that were erupted subaerially from the continental-arc and
deposited subaqueously on the adjacent ocean floor. Subaerially-deposited
Michipicoten basalts, which are volumetrically minor, formed where the
island-arc locally became emergent. Turbidite formation was initiated where
volcano flanks and continental margins were loaded unstably.

Proximally-deposited Michipicoten felsic volcanic and sedimentary rocks,

wvhich include most of the subaerial to shallow subaqueous deposits, require



at least part of the continental-arc to have been present within the margins
of the greenstone belt. However, some of the distally-deposited felsic
volcanic and sedimentary rocks may have been derived from a continental-arc
source situated completely outside the belt margins. The felsic granitoid
rocks that occur along the margin of the belt, and are older than the
Michipicoten greenstones [15], could be the remnants of either of these types
of continental-arcs.

According to this model, the basalt-rhyolite bimodality of the
Michipicoten belt simply is a consequence of the paucity of andesitic magma
produced along an immature oceanic island-arc such as the Kermadec—Tohga arc,
and along a primarily rhyolitic continental-arc such as the Taupo volcanic
zone. The broad compositional similarity between the lower (2745 Ma) and
upper (2695 Ma) Michipicoten volcanic sequences suggests that this island-

and continental-arc configuration existed for at least 50 Ma.

5.2. Compositional comparisons

Several investigators have made compositional comparisons of Archean and
Cenozoic‘volcanic rock associations, in most cases concentrating on basaltic
components [29]. The tectonic significance of such comparisons is limited,
hovever, by two reasons -- the possible secular evolution of magma source
composition, and the possible non-unique correlation of magma chemical
composition with tectonic setting. Thus, similarities between magma
compositions of the Michipicoten volcanic sequence and Cenozoic island- and
continental-arc sequences may be taken to be consistent with, but not
compelling evidence of, a convergent plate margin origin for the Michipicoten
belt.

Despite these uncertainties, it is noteworthy that in Cenozoic terranes,

16




voluminous rhyolitic pyroclastic deposits are erupted only on continental
(rather than oceanic) crust and seem to exhibit distinctive rock associations
and chemical characteristics depending on whether that crust was the site pf
intracontinental rifting or subduction. In Table 2, the rock associations,
dominant silica ranges and some major element characteristics of rhyolite
ash-flow tuffs from the Michipicoten belt and six Cenozoic terranes of known
tectonic setting are compared. The Cenozoic rhyolites are subdivided into
two groups, one formed in intracontinental rifts or above continental "hot
spots" that are not related directly to subduction, and the other formed in
subduction-related continental intra-arc regions.

At least for the suites listed in Table 2, the rock association exhibited
by the Michipicoten rhyolites is more similar to the subduction-related
examples than the intracontinental rift- and hot spot-related suites. In
addition to voluminous rhyolitic ash-flow tuff, units FV1 and FV3 of the
Michipicoten belt include subordinate abundances of rhyolitic lava and
dacitic tuff and lava, as well as minor amounts of basalt. A similar rock
association is present in the Taupo volcanic zone [36] and the Sierra Madre
Occidental of Mexico [38].

In contrast, the abundant, strongly alkaline basaltic rocks of the
rift-related Trans-Pecos volcanic province of Texas [31,39] do not have a
counterpart in Michipicoten belt. Voluminous subalkaline basalts, similar to
those that comprise the Rio Grande rift of New Mexico and the hot
spot-related Yellowstone Plateau volcanic field of Wyoming, are present only
in units MV1 and MV3 of the Michipicoten belt, and whereas the Michipicoten
basalts are dominantly LREE-depleted, the Rio Grande [33,40] and Yellowstone
[41] basalts are exclusively LREE-enriched. Furthermore, subalkaline dacitic

rocks, which are believed to be related genetically to the rhyolites in the



Michipicoten suite, are absent in the Trans-Pecos [39] and Yellowstone [34]
volcanic fields, and are present only as the felsic end member of an
andesitic differentiation series in the Rio Grande rift [33].

The compositional characteristics of the Michipicoten rhyolite ash-flow
tuffs also are more similar (with the exception of iron concentrations, which
are indistinguishable) to the subduction-related suites, particularly the
Taupo rhyolites, than the rhyolites that are not related directly to
subduction. The broad silica range (69 to 78 wt.X) that characterizes
Michipicoten rhyolite compositions is reflected only by the Taupo rhyolites.
The Michipicoten rhyolites exhibit a general relationship, shared by 511 of
the subduction-related rhyolites, of relatively high concentrations of
alumina plus lime and low total alkalis. The intracontinental rift- and hot
spot-related rhyolites possess relatively lower concentrations of alumina
plus lime and higher tofal alkalis. Moreover, the overall absolute and
relative minor and trace element abundances of the Michipicoten rhyolites are
very similar to subduction-related rhyolite suites (figure 8).

A broad compositional similarity between modern oceanic island-arc
tholeiites and LREE-depleted Michipicoten basalts further supports the
interpretation that the Michipicoten belt formed at a convergent plate
margin. When plotted on the chondrite-normalized minor and trace element
diagram of Thompson et al. [42]}, modern oceanic island-arc tholeiites, of
vhich those from the New Britian island-arc are a typical example (figure 9),
exhibit prominent Sr peaks and Nb, Ta and Th troughs. Compositions of the
LREE-depleted Michipicoten basalts possess similar characteristics. 1In
contrast, typical N-type mid-ocean ridge basalt [42] displays a minor and
trace element abundance pattern that is compositionally distinct from the

Michipicoten basalts. LREE-depleted basalts are not associated with modern
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intracontinental rifts and hot spots [40], except in rare instances, such as
the Preshal Mhor basalts of the Isle of Skye [42], which are more similar
compositionally to N-type MORB than island-arc tholeiite (figure 9).

WVhen plotted on the elemental abundance diagram of Thompson et al. [42],»
the volumetrically minor LREE-enriched basalts of the Michipicoten belt do
not exhibit the Sr peaks and Th troughs characteristic of modern island-arc
tholeiites (figure 10). Most of these basalts are situated directly above
the thick basal rhyolite unit exposed in Michipicoten Harbour (column A,
figure 4); the others are interbedded with the rhyolites of unit FV1. Bulk
or selective contamination of LREE-depleted Michipicoten basalts by this
rhyolitic material, which shows Sr troughs and Th and LREE peaks when plotted
in figure 10, may have formed the LREE-enriched basalt compositions.

Finally, it is worth considering the tectonic significance of the
rhyolite flow interbeddéd with the depleted basalts -- here interpreted as
oceanic island-arc tholeiites -- of the Andre Lake area of the Michipicoten
belt. The Andre Lake rhyolite (analysis #5, Table 1) is volumetrically minor
compared to the associated mafic rocks and exhibits several noteworthy
compositional characteristics: high-silica (>75 wt.X), Na20 > Kzo, low total
REE concentration (Cen = 26.0, Tbn = 4.7) and LREE enrichment.

In the Fiji [46], New Britian [47] and Marianas [48] island-arcs, small
volumes of rhyolite with similar compositional characteristics are present
(figure 11). They may be appropriate Cenozoic analogues for the Andre Lake
rhyolite. Comparing figures 8 and 11, it is noteworthy that high-silica
oceanic island-arc rhyolites possess Th troughs on the element diagram of
Thompson et al. [42], in contrast to rhyolites formed in continental-arcs and

intracontinental rifts. The Andre Lake rhyolite shows such a Th depletion.
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5.3. Further considerations

The data presented in this paper suggest that a convergent plate margin
model is more appropriate than an intracontinental rift model for at least
one of the late Archean bimodal greenstone belts of the Canadian Shield.
Howvever, the results also bear on three other topics: the apparent
"cyclicity" of Archean greenstone belt volcanism, the general applicability
of back-arc basin tectonic models [49] of Archean greenstone belts, and the
relationship of the Michipicoten belt to the very large, well-studied Abitibi
greenstone belt.

Interbedded mafic and felsic units in Archean greenstone belts often have
been regarded to represent vertically repetitive volcanic cycles of
sequentially-emplaced mafic and felsic magmas that may be related by magmatic
differentiation processes [50]. An alternative view is that the apparent
vertical cyclicity of greenstone belt volcanism actually reflects the lateral
facies relationships of independently-derived mafic and felsic magmas that
were continuously available for eruption [51].

The Michipicoten data favor the latter interpretation, although rather
episodic emplacement is suggested for at least the three main felsic units
(FV1, FV2 and FV3), based on their inferred explosive eruption mechanisms,
relatively homogeneous chemical and physical nature over fairly great
thicknesses and intra-unit isotopic U-Pb zircon age clustering [15].
Nonetheless, the Michipicoten mafic lavas and felsic tuffs are interfingered
deposits derived independently from oceanic and continental platforms,
respectively. The presence of thin felsic tuff beds within the mafic unit at
Michipicoten Harbour, and thin beds of enriched basalt within the felsic tuff
unit east of Mildred Lake suggests that both mafic and felsic magmas were

continuously available for eruption.
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It also has been often argued that Archean greenstone belts represent
closed back-arc basins, rather than volcanic arcs or intracontinental rifts
[52]. The data presented in this paper indicate that this generalization is
not valid for the Michipicoten greenstone belt. The charactéristics of the
Michipicoten volcanic rocks suggest derivation in island- and continental-arc
environments and the lower and middle volcanic sequences of the belt were
folded before the initiation of upper sequence volcanism, suggesting
compressional tectonism during its early volcanic history. Compressional
tectonism is compatible with a convergent plate margin hypothesis, but not a
back-arc model, which requires extensional tectonism during the early,
pre-closure stages of greenstone belt volcanism. The same argument applies
against an intracontinental rift model.

The relationship of the Wawa domal gneiss terrane (an amphibolite facies
granitoid sequence adjacent to the Michipicoten belt, as shown in figure 12)
to the Michipicoten greenstones also is not that predicted by the back-arc
basin model. According to such models [49] relatively high-grade granitoid
gneiss sequences adjacent to lower-grade greenstone belts represent plutonic
components of the island- and continental-arc terrane behind which the
back-arc basin formed. The Vawa domal gneiss terrane, in contrast, is
believed to be the exposed plutonic roots of the Michipicoten greenstones,
not a separate parallelly-evolving arc sequence [54]. These plutonic roots
and deeper level crustal rocks beneath them (the granulite facies terrane of
the Kapuskasing structural zone) are interpreted to have been uplifted along
a presently northwest-dipping deep-crustal thrust fault (cropping out at the
surface as the Ivanhoe Lake cataclastic zone) sometime after the major
volcanism and plutonism in the region was complete [54].

Isotopic age data from the Wawa domal gneiss terrane suggest that the
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majority of the granitoids (primarily tonalites) were emplaced during the
later stages of, and following, volcanism in the Michipicoten belt [54].
Thickening of the Michipicoten "island-arc" by tonalite underplating is
compatible with the convergent plate margin hypothesis presented in this
paper.

The Abitibi greenstone belt is located to the east of the Michipicoten
belt (figure 12) and it is possible that both belts represent remnants of a
large, once laterally continuous volcanic terrane, particularly in light of
the interpretation that deep level crustal rocks have been uplifted to the
surface between them. Two volcanic zones have been recognized in the Abitibi
belt [6,53]. The southern or external zone formed approximately 2710 to 2696
Ma ago, vwhich is broadly contemporaneous with the upper volcanic sequence of
the Michipicoten belt. The northern or internal zone includes an episode of
explosive felsic volcanism at about 2717 Ma, which is coeval with middle
sequence Michipicoten volcanism, and a major period of mafic volcanism that
occurred sometime prior to 2719 Ma, which could be equivalent temporally to
either middle or lower sequence Michipicoten volcanism.

A comparison between the two Abitibi volcanic zones and the middle
volcanic sequence of the Michipicoten belt, for which detailed compositional
and stratigraphic data are not available, cannot yet be made. However, it
does seem clear that the lower and upper Michipicoten volcanic sequences
differ in several respects from both volcanic zones of the Abitibi belt.

In the southern Abitibi zone, there exists a broad mafic-felsic
compositional bimodality similar to that described in the Michipicoten
sequences. However, the Abitibi mafic compositions iﬁclude komatiitic
plateau volcanics and the felsic units consist of slightly LREE-enriched

([La/Yb]n = 1 - 5) high-silica (>75 wt.X) rhyolite and andesite. In the
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Michipicoten belt, komatiitic volcanics have not been identified and felsic
volcanic sequences are dominated by more strongly LREE-enriched ([La/Yb]n = 4
- 22) dacite and low- to high-silica rhyolite.

The northern zone of the Abitibi belt exhibits a continuous mafic to
felsic spectrum of volcanic rocks in contrast to the Michipicoten
compositional bimodality. Tholeiitic basalt with roughly chondritic REE
patterns ([La/Yb]n = 0.8 - 1.5) forms the base of the volcanic pile and could
be analogous to the depleted ([La/Yb]n = 0.6 - 1.2) basalts of the
Michipicoten mafic sequences, but an overlying succession of voluminous
calc-alkaline LREE-enriched ([La/Yb]n = 1 - 8) basaltic to andesitic and
dacitic volcanic rocks has no Michipicoten counterpart. The LREE-enriched
([La/Yb]n = 4 - 23) basaltic and dacitic lavas of Michipicoten units MVl and
MV3 are volumetrically minor and are not associated with andesite.

Similarly, andesitic, dacitic and rhyodacitic pyroclastic rocks near the
top of the volcanic pile in the northern Abitibi belt are dominated by more
intermediate compositions than the dacitic to high-silica rhyolite
pyroclastic sequences of the Michipicoten belt. At the top of both the
northern and southern Abitibi volcanic sequences, strongly alkaline lavas are
present, whereas similar lavas have not been recognized in the Michipicoten
volcanic sequences.

The aforementioned differences do not rule out the hypothesis that the
Michipicoten and Abitibi terranes were once part of a large, laterally
continuous volcanic belt, but do suggest significant compositional variations
vere present along the strike length of any such belt. Many Cenozoic
volcanic belts, including those formed at convergent plate margins, show
extreme compositional variability along strike. For example, active

volcanism along the Andean volcanic belt is characterized broadly by a
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northern zone of basaltic andesite, a central zone of andesite, dacite and
rhyolite, and a southern zone of high-alumina basalt, basaltic andesite and
andesite [55]. Thus, if the Abitibi belt originated along a convergent plate
margin, as several workers [53,56] have suggested, it is possible that the
Michipicoten belt was produced along a lateral continuation of the same plate

margin.

Acknowledgements

We thank L. Haskin for access to, and R. Korotev, M. Lindstrom and N.
Sturchio for analytical assistance with, the neutron activation facilities at
Washington University in St. Louis. Some of this work was completed while
P.J.S. held a National Research Council/NASA Research Associateship at the
Johnson Space Center and K.A. held a NSERC visiting fellowship at the

Geological Survey of Canada.

References

1 P.C. Thurston, L.D. Ayres, G.R. Edvards, L. Gelinas, J.N. Ludden and P.
Verpaelst, Archean bimodal volcanism, in: Evolution of Archean
Supracrustal Sequences, L.D. Ayres, P.C. Thurston, K.D. Card and W. Veber,
eds., pp. 7-21, Geol. Assoc. Can. Spec. Pap. 28, 1985.

2 D.R. Lowe, Comparative sedimentology of the principal volcanic sequences
of Archean greenstone belts in South Africa, Western Australia and Canada:
implications for crustal evolution, Precambrian Res. 17, 1-29, 1982.

3 P. Verpaelst, C. Brooks and A. Franconi, The 2.5 Duxbury Massif, Quebec:

a remobilized piece of pre-3.0 Ga sialic basement (?), Can. J. Earth Sci.
17, 1-18, 1980.

4 F.F. Langford and J.A. Morin, The development of the Superior Province of




10

11

.......

northvestern Ontario by merging island arcs, Am. J. Sci. 276, 1023-1034,
1976.

L. Gelinas, C. Brooks, G. Perreault, J. Carignan, P. Trudel and F. Grasso,
Chemostratigraphic divisions within the Abitibi Volcanic Belt,
Rouyn-Noranda district, Quebec, in: Volcanic Regimes in Canada, W.R.T.
Baragar, L.C. Coleman and J.M. Hall, eds., pp. 265-295, Geol. Assoc. Can.,
Spec. Pap. 16, 1977.

L. Gelinas and J.N. Ludden, Rhyolitic volcanism and the geochemical
evolution of an Archean central ring complex: the Blake River Group
volcanics of the southern Abitibi belt, Superior province, Phys. Earth
Planet. Inter. 35, 77-88, 1984.

L.D. Ayres and P.C. Thurston, Archean supracrustal sequences in the
Canadian Shield: an overview, in: Evolution of Archean Supracrustal
Sequences, L.D. Ayres, P.C. Thurston, K.D. Card and V. Weber, eds., pp.
343-380, Geol. Assoc. Can. Spec. Pap. 28, 1985.

F. Barberi, R. Santacroce and J. Varet, Chemical aspects of rift
magmatism, in: Continental and Oceanic Rifts, G. Palmason, ed., pp.
223-258, Am. Geophys. Union Geodynamics Ser., v. 8, 1982.

A.M. Goodwin, Structure, stratigraphy and origin of iron formationms,
Michipicoten area, Algoma District, Ontario, Canada, Geol. Soc. Am. Bull.
73, 561-586, 1962.

R.P. Sage, Preliminary interpretation of the relationship between economic
mineralization and volcanic stratigraphy in the Wawa area, in: Summary of
Field Vork, 1981, by the Ontario Geological Survey, J. Wood, O0.L. White,
R.B. Barlow and A.C. Colvine, eds., pp. 41-44, Ont. Geol. Surv. Misc. Pap.
100, 1981.

N.V.D. Massey, Mishewava Lake area, District of Algoma, in: Summary Of




12

13

14

15

16

17

18

19

Field Vork, 1983, by the Ontario Geological Survey, J. Wood, O.L. White,
R.B. Barlow and A.C. Colvine, eds., p. 50-53, Ont. Geol. Surv. Misc. Pap.
116, 1983.

K. Attoh, Stratigraphic relations of the volcanic sedimentary successions
in the VWawa greenstone belt, Ontario, in: Current Research, Part A, Geol.
Surv. Can. Pap. 80-1A, p. 101-106, 1980.

K. Attoh, Pre- and post-Dore sequences in the Wawa volcanic belt, Ontario,
in: Current Research, Part B, Geol. Surv. Can. Pap. 81-1B, p. 49-54,
1981.

P.A. Studemeister, The greenschist facies of an Archean assemblage near
Vava, Ontario, Can. J. Earth Sci. 20, 1409-1420, 1983.

A. Turek, P.E. Smith and W.R. Van Schmus, U-Pb zircon ages and the
evolution of the Michipicoten plutonic-volcanic terrane of the Superior
Province, Ontario, Can. J. Earth Sci. 21, 457-464, 1984.

A.M. Goodwin, H.G. Thode, C.-L. Cjou and S.N. Karkhansis,
Chemostratigraphy and origin of the late Archean siderite-pyrite-rich
Helen Iron Pormation, Michipicoten belt, Canada, Can. J. Earth Sci. 22,
72-84, 1985.

L.D. Ayres, Bimodal volcanism in Archean greenstone belts exemplified by
greyvacke composition, Lake Superior Park, Ontario, Can. J. Earth Sci. 20,
1168-1194, 1983.

R.L. Morton and M. Nebel, Physical character of Archean felsic volcanism
in the vicinity of the Helen Iron Mine, Wawa, Ontario, Canada, Precambrian
Res. 20, 39-62, 1983.

P.D. Rowley, N.S. MacLeod, M.A. Kuntz and A.M. Kaplan, Proximal bedded
deposits related to pyroclastic flows of May 18, 1980, Mount St. Helens,

Vashington, Geol. Soc. Am. Bull. 96, 1373-1383, 1985.




20

21

22

23

24

25

26

27

21

R.W. Ojakangas, Clastic sedimentary rocks of the Michipicoten
volcanic-sedimentary belt, Vava,'Ontario, in: Workshop on a Cross Section
of Archean Crust, L.D. Ashwal and K.D. Card, eds., pp. 66-70, LPI Tech.
Rept. 83-03, Lunar and Planetary Institute, Houston, 1983.

L.A. Haskin, M.A. Haskin, F.A. Frey and T.R. Wildeman, Relative and
absolute terrestrial abundances of the rare earths, in: Origin and
Distribution of the Elements, L.H. Ahrens, ed., pp. 889-912, Pergamon, New
York, 1968.

J.G. Arth, Some trace elements in trondhjemites - their implications to
magma genesis and paleotectonic setting, in: Trondhjemites, Dacités, and
Related Rocks, F. Barker, ed., pp. 123-132, Elsevier, Amsterdam, 1979.

L. Lopez-Escobar, Petrology and chemistry of volcanic rocks of the
southern Andes, in: Andean Magmatism: Chemical and Isotopic Constraints,
R.S. Harmon and B.A.~Barreiro, eds., pp. 47-71, Shiva Publishing Ltd.,
Cheshire, 1984.

K.F. Scheidegger, J.B. Corliss, P.A. Jezek and D. Ninkovich, Compositions
of deep-sea ash layers derived from north Pacific volcanic arcs:
variations in time and space, J. Volcanol. Geotherm. Res. 7, 107-137,
1980.

H. Machida and F. Arai, Extensive ash falls in and around the Sea of Japan
from large late Quaternary eruptions, J. Volcanol. Geotherm. Res. 18,
151-164, 1983.

A. Ewart, R.N. Brothers and A. Mateen, An outline of the geology and
geochemistry and possible petrogenetic evolution of the volcanic rocks of
the Tonga-Kermadec-New Zealand arc, J. Volcanol. Geotherm. Res. 2,
205-250, 1977.

J.W. Cole, Genesis of lavas of the Taupo Volcanic Zone, North Island, New -



28

29

30

31

32

33

34

35

36

37

22

Zealand, J. Volcanol. Geotherm. Res. 10, 317-337, 1981.

G.P.L. Valker, The Taupo Pumice: product of the most powerful known
(ultraplinian) eruption? J. Volcanol. Geotherm. Res. 8, 69-94, 1980.

K.C. Condie, Secular variation in the composition of basalts: an index to
mantle evolution, J. Petrol. 26, 545-563, 1985.

V.F. Hchnough and D.0. Nelson, Geochemical constraints on magma processes
in a peralkaline system: The Paisano volcano, west Texas, Geochim.
Cosmochim. Acta 48, 2443-2455, 1984.

D.C. Noble and D.F. Parker, Peralkaline silicic volcanic rocks of the
Vestern United States, Bull. Volcanol. 38, 803-827, 1974. |

M.A. Sommer and L.S. Schramm, An analysis of the water concentrations in
silicate melt incluéions in quartz phenocrysts from the Bandelier Tuff,
Jemez Mountains, New Mexico, Bull. Volcanol. 46, 299-320, 1983.

K.P. Guilbeau and A.M. Kudo, Petrology and geochemistry of the Paliza
Canyon Formation and the Bearhead Rhyolite, Keres Group, Jemez Mountains,
New Mexico, Geol. Soc. Am. Bull. 96, 108-113, 1985.

V. Hildreth, R.L. Christiansen and J.R. 0’Neil, Catastrophic isotopic
modification of rhyolite magma at times of caldera subsidence, Yellowstone
Plateau volcanic field, J. Geophys. Res. 89, 8339-8369, 1984.

P.W. Lipman, Evolution of the Platoro Caldera Complex and Related Volcanic
Rocks, Southeastern San Juan Mountains, Colorado, 128pp., U.S. Geol. Surv.
Prof. Pap. 852, Washington, D.C., 1975.

J.W. Cole, Structure, petrology, and genesis of Cenozoic volcanism, Taupo
volcanic zone, New Zealand - a review, N.Z. J. Geol. Geophys. 22, 631-657,
1979.

A. Evart, Petrochemistry and feldspar crystallization in the silicic

volcanic rocks, central North Island, New Zealand, Lithos 2, 371-388,



38

39

40

41

42

43

44

45

46

23

1969.

K.L. Cameron and G.N. Hanson, Rare earth evidence concerning the origin of
voluminous mid-Tertiary rhyolitic ignimbrites and related volcanic rocks,
Sierra Madre Occidental, Chihuahua, Mexico, Geochim. Cosmochim. Acta 46,
1489-1503, 1982.

D.S. Barker, Cenozoic magmatism in the Trans-Pecos province: relation to
the Rio Grande rift, in: Rio Grande Rift: Tectonics and Magmatism, R.E.
Riecker, ed., pp. 382-392, Am. Geophys. Union, Washington, D.C., 1979.
Basaltic Volcanism Study Project, Basaltic Volcanism on the Terrestrial
Planets, 1286pp., Pergamon, New York, 1981.

B.D. Doe, W.P. Leeman, R.L. Christiansen and C.E. Hedge, Lead and
strontium isotopes and related trace elements as genetic tracers in the
upper Cenozoic rhyolite-basalt association of the Yellowstone Plateau
volcanic field, J. Gesphys. Res. 87, 4785-4806, 1982.

R.N. Thompson, M.A. Morrison, G.L. Hendry and S.J. Parry, An assessment of
the relative roles of crust and mantle in magma genesis: an elemental
approach, Phil. Trans. R. Soc. Lond. A310, 549-590, 1984.

A. Ewart, S.R. Taylor and A.C. Capp, Trace and minor element geochemistry
of the rhyolitic volcanic rocks, central North Island, New Zealand,
Contrib. Mineral. Petrol. 18, 76-104, 1968.

A. Ewart, Petrology and petrogenesis of the Quaternary pumice ash in the
Taupo area, New Zealand, J. Petrol. 4(3), 392-431, 1963.

A. Evart and J.J. Stipp, Petrogenesis of the volcanic rocks of the central

87Sr/86

North Island, New Zealand, as indicted by a study of Sr ratios and
Sr, Rb, K, U and Th abundances, Geochim. Cosmochim. Acta 32, 699-73
1968.

J.B. Gill and A.L. Stork, Miocene low-K dacites and trondhjemites of Fiji,



47

48

49

50

51

52

53

54

24

in: Trondhjemites, Dacites, and Related Rocks, F. Barker, ed., pp.
629-649, Elsevier, Amsterdam, 1979. -

I.E.M. Smith and R.VW. Johnson, Contrasting rhyolite suites in the Late
Cenozoic of Papua New Guinea, J. Geophys. Res. 86, 10257-10272, 1981.

A. Meijer, The origin of low-K rhyolites from the Mariana Frontal arc,
Contrib. Mineral. Petrol. 83, 45-51, 1983.

J. Tarney, I.W.D. Dalziel and M.J. de Wit, Marginal basin ’rocas verdes’
complex from S. Chile: a model for Archean greenstone belt formatiom, in:
The Barly History of the Earth, B.F. Windley, ed., pp. 131-146, Wiley and
Sons, London, 1976.

C.R. Anhaeusser, Cyclic volcanicity and sedimentation in the evolutionary
development of Archean greenstone belts of shield areas, in: Symposium on
Archean Rocks, J.E. Glover, ed., pp. 57-70, Geol. Soc. Aust. Spec. Pub. 3,
Canberra, 1971.

M.E. Barley, Relations between volcanic rocks in the Warrawoona Group:
continuous or cyclic evolution? in: Archaean Geology: Second
International Archaean Symposium, J.E. Glover and D.I. Groves, eds., pp.
263-273, Geol. Soc. Aust. Spec. Pub. 7, 1981.

B.F. Vindley, Precambrian rocks in light of the plate-tectonic concept,
in: Precambrian Plate Tectonics, A. Kroner, ed., pp. 1-20, Elsevier,
Amsterdam, 1981.

J. Ludden, C. Hubert and C. Gariepy, The tectonic evolution of the Abitibi
greenstone belt of Canada, Geol. Mag., in press.

J.A. Percival and K.D. Card, Structure and evolution of Archean crust in
central Superior Province, Canada, in: Evolution of Supracrustal
Sequences, L.D. Ayres, P.C. Thurston, K.D. Card and V. VWeber, eds., pp.

179-192, Geol. Assoc. Can. Spec. Pap. 28, 1985.




55 R.S. Thorpe and P.W. Francis, Variations in Andean andesite compositions
and their petrogenetic significance, Tectonophysics, 57, 53-70, 1979.

56 E. Dimroth, L. Imreh, N. Goulet and M. Rocheleau, Evolution of the
south-central segment of the Archean Abitibi Belt, Quebec. Part III:

Plutonic and metamorphic evolution and geotectonic model, Can. J. Earth

Sci. 20, 1374-1388, 1983.

25



*RT3A1}084534 §SAOTJ IT9SE[I04Rd 3}TTORYL EITTIS-USTY Pue -mOT ¢TTTAM SYZOTAM (TT ¢01) IEAd ITUN  *RI3ATYIB4SAY
¢SMO[y DT}SEII0UAd BTTOAYS BITTIS-YSIY PUE -MOT SSTPAM SYPTPNA (& $8) 444N} 33102p Pajaldapun-IINH ‘9TAN

(£) 4318S8Q PaydITIud +//ZAN (9) $TA4 FTUN  *MOTJ BAST 33T[ORYL 4S/ZAM (S) $HOTS JT3SeTI0JRY FTIORUS 4YpyTAA (V)
(nOT4 2310ep P3IATAP-IIYH ZCIMM (£) 43TeSEQ PAYITJIUS SISTAN (Z) 4)H1ESeq Paja[4ap spZEMM (T) LTAN 3TUR  *(Wdd
00Z-08) TN PUE (Wdd Z3) 43 4(Wdd §Z») QY ¢(Wdd GE*>) S ¢(Wdd GZT>) BF 4(Wdd QSZ>) 4§ ¢(Wdd 0GC) 42 ¢(Wdd G°>) N
$(Wdd GZ*>) el 40 X0G PUB (Wdd 00Z<) IN PUB (Wdd G-Z) 4] (Wdd 0/-GZ) QY ¢(Wdd Q0L-CZT) B ¢(®dd 0GZ<) 45 ¢ (Wdd
CZ*<) N $(Wdd [>) UL 6(Wdd §*-CZ*) B 40 YGZ ¢(Wdd G[-§) 4J PUE (Wdd 0/<) QY 4(Wdd QOL<) €4 4 (Wdd G T-GL*) $2
§(Wdd p-T) YL ¢(Wdd ') €1 4(Wdd GUED) JH (Wdd §eD) R 6(Wdd GOT3) QA (Wdd G°>) QL ¢S5 SOZH I0J 404 Z0T ¢moray
PBISIT 850y} }43Ix3 SJUEATA Bded) [[e 40 G <OZEN Pue (033 40} 7ZZ'V SOFW Pue £OZIY 4ZDIS 404 %9°'Z 4S0Zd Pue 0Z)
f0e) sQUY ¢£0T3J $Z0TL 4Oy ZZ*Z ueY) SSA] BJe (LWEIS-Z) SATJUTIR}JADUN TRITITABUY *SINOT *3§ $RITSIAATUM UDIBUTYSEN
12 YYNI AQ PasSARIEUR (Wdd UT) SIUINATA 3de4}] *eme}}Q ¢RJ40}e40Qe7] AI}STE3Y]) [EIT}RTEUY ¢epeue] J0 RaAJNG [EI1F0[03H
8y} 12 (SPOY}IW [2ITW3YD PIdeS ARG § PuUe Z0D S0ZH 094 148IX3) JYX RQ PAUTNISLAP (JUdIJad *4M UT) SJUINATa Jorey

08 0S1 061 0s1 002 orl oS (1144 091 091 4z
Tt 69°1 St IAN4 1 06°0 901 I or'l 00 {800 n
£'£t ££°L ¥zt 86 9408 e vé'e S*61 [728 / 10°¢C ov'o Ui
S9°1 L0 L ZAL)] vieo ¥('0 98°0 (200 ¢ 193 g0 G6°0 91°0 el
GGt 8Ly v'S B'¥ 6 9t 861 ! (8°t v'e 2z H
£L2°0 L6140 0420 6420 §ZC*0 62°0 ¥50°0 101 YET'O Sv0 4 AR nM
06°1 0zt 61 £L°7 8g°l 80°2 890 89 980 162 L4z A
£9°0 (A AL] vS'o 15°0 Sv'0 990 1220 €7 1A A G6°0 £9°0 qal
cve'o 96°0 £2°0 89°0 901 (-0 ¢ 8sv°o 680 Sv°'1 891 98°0 n3
88y LEY 9y [AA4 Ty 60°'S 8Lt rAN4 LK} 8°'s 1 k4 vg
[ AFA L00L 12 y°9S SIS 6°£9 §°¢2 S 16 669 S*iv AN ) aJ
L 61 9°5¢ G'Se s8¢ 1 24 S0t ot | 944 4 cie £:02 9£°f el
v'o 09 81 't 8°gl ‘oLT L0 g£ee 191 ‘gge ‘¥St 42
08 o1t o1t N

6¥°0 18°¢ ££°¢ 18°S 8'f1 P 4 §0°1 Skv°0 1 | Q3% geve 2l
Lg80e 9Z°9 L1 88°S 8z° 0% 8've 95°1 ez (\TA¥ 6°LE 8‘cy 95
(AR (228 1AL 180 140 ¢ be'e 8g°Z 01°'g ayc ' 0 LR sJ
009 06L 096 019 04S 08t 048 (1244 084 01t 09 eyq
0S 0Ly [T44 ori 08y 0Ls 001 ovl 06 ozt 0S¢ 48
‘48 *Zs A ‘19 ‘oS ‘vt ‘St '8 *ve ) ‘i 3

¥Z'66 £6°66 ¥0°001 15°001 16466 00°66 9L°86 5886 L1466 L2668 0966 18301

0£°0 0L°0 090 080 (AN (1) O [ B 00'2 0Ll 012 00°2 0ZH
0C*0 0L'0 [TA 0440 01°0 0o 0Z°0 06°1 06°1 ot1‘o 0z'0 202
£0°0 ¥0'0 80'0 80'0 S0°0 £0'0 100 ¥0'0 z0'0 ¥0°0 00 S
£0°0 <t ¥0'0 £0'0 81°0 050 00 £0°0 92°0 €z'0 01°0 g0Zd
(2383 'z Sz v0'Z £6°1 ¥8‘0 ) A4 £9°2 €01 0£°0 89°0 0y
00°¢t 06°S 0z 09y 0L°S or'e 05'g 06°1 02°'s 01°t 0£°'g 0zZeN
910 't 62°Y 661 4v'E s £1°0 11 XA 846°1 c1'9 £L°L 0®)
80‘0 z0'1 620 960 Si'e 19°€ 9z°0 14 X4 0S*'y vo*é s OFW
80°0 £0°0 <00 S0°0 £0'0 1o 90 S0°0 £0°0 L1'0 81'0 ouy
01°'0 00°C 06°0 002 g’ ov'? 0£°0 060 00°t 009 056 034
00 ov*l 0.0 ov*y 00°¢ 09°¢t 0z'o 0L'0 0g’t 08°C 08¢ £0224
04°v1 A0 A4 ov'zl 08'v1 (TAVA 06'S1 04°21 00°21 0641 09°St 06°S1 g0z
¥0'0 £v'o {10 t4 1] ¥9°0 90°t 00 110 65°0 T AN | (XA | 14119}

01°9L 0¥ 69 0L°SL 0L°0L 01°19 [ TAR 4 [ AN A4 0L°TL 0L°29 06°1S 08°0S 2018

an wn (6) 8) ) $2) () ) () ) 1)

1739 N3L0JI4IHOIN 3HL HO¥J SMJI0¥ JINVIT0A 40 SISATUNV 3IAILVINISIYIN
1 318yl




‘ueaw ayj} 4O UOTRETAIP PJepUELS AUDAR
TUOTJETT4W0) Y} UT PASh SASATLUS JO JAQENU = U *[BAJDJUT BITTISK
'3344-3[132[0A PaAjEINITLI ade (JUadiad *3M UT) e98p [EUOT}TS0dN0)

'seag] }1eseq JOUTW
isjiny/sene] aJTIOARYS (1e*) (v0*) (640°1) (SS°'1) wo'n (£0°2) (8=y)
0} aj1oep ajeurpsaqns £6°' [ 2308 1404 A eI LY AR vv'9 84-0L £A4 TUn ¢

seae] j1es5e9q
payItJua JOUTW iseae]
pue $j}4ny a3T0EPORYY
0} 3j1Jep sseneq (vg*) (09°) (¥9*) (9¢*) (60°'1) (28*) (11=u)
331[0AYL 3jEUTPIOgNS £9°1 £5°2 26°¢Y S1LY 82°'sS 909 8L-0L Thd 3Tun ‘T

1138 AUD}SUAAJIY UB0ITLIYITY

seAe] 3jroep ([8£] 9=u) O0J1IXdH

09 ajisapue Orjieseq $183UaPLIDQ dJ4pe e4d3TS

JOUTE éS2AEY] A}T1[OAUJ (92*) (9L*) z*) 432YanBag JTULITON
CO¥S-YFIY ajeurplogns -—- 68°1 - 60°91 il Skl SL-1L Jdaddf) RILTJIA]-PIY ‘E

seAel ajtaep ([L249€1 9=U)

0} jr1eseq [v-ysiy (E1*) . (S¢") (61°*) (£5°) (£2°*) (90°) puereaz naN
JOUTE sseAeY 33T[OAYM £2°'1 08°1 L0'¥1 (28T B 7AY geL 8L-69 $8U07 JTUEDTOA 0dNEL T

Seaey 33110AY (LSE] Z1=u) opedoyo)d

3)8UTIPJIOQNS 534N} pue sprar4 druedfop

seael 9j13el z34end (09*) (60° 1) (66°) uenf ueg ¢s53aa4sg
03 3jrsapue jueutwop -—- T ¢ - ¥8° 91 - ca‘'s GL-69 MROT4-Yysy SUaJOBTITQ ‘T

S3}3TINS J4€-84jUT [23UBUTIRUOD
§paje1a4-Uo1I3INPANs $21020UIJ

(CVE1 S=W)
seas] 3aji1[oAyd (SC*) (Iv*) (YARS pPIatj dTULIOH
pue ajriajoyj autarjo £5°1 --- 0Z'EY -—- 098 --- (L-SL NE3ajeTd dUDYISHOTTaL °f
(LEL4CE] 6=U) OO3TXay
seAel a3T[oAYd (SZ*) 6v*) (Iv*) MaN ssutejunoy zawar
03 231s5apue Jr131eseq 6 --- I AARAS --- LA A --- 84-8¢ 4341y apuesg oty °g
sSeael 331pudE0d (CTIE40E] ¥=Y)
pue ajRydedy @rn (82°'1) *X(£9*) SeXa] $33UIADNd
§9314235NE fajrremey --- 68°t - tA AR A ¢ --- 62°6 SL-69 Jtuedfon sodag-sued) °f

$3}INS paje[al-40d4s 40y 40 -314
123U3UTUOILIJUT $ITOZOUB)

Y2 SL-0L 8¢ §2-0L 8¢ SL-0L%
$%204 J7UEITOA 1024 0e3 + £0Z1V STIRATY asues Zo1g
pajeyd0ssy g S jueureog A311e007

SUOT}}S0dWO0] UeAY

1738 3INOLSNIIYD N3IL0JIJIHIIW 3IHL ANV S3NVHY¥IL DI0ZON3D 3123735 WO¥4 S44NL N0VI-HSY IILITOAHY SAONIWAT0A 40 SITLSIYILIVEVHI

¢ 3avi

Lt M ey



Figure

captions

Location of the Michipicoten greenstone belt. Areas of detailed
geologic mapping are marked by heavy lines and presented in figures 2
and 3. Samples of volcanic rocks that have been analysed for both
major and trace elements are located in all three figures.

Geologic map of the Michipicoten Harbour area.

Geologic map of the Helen Mine-Mildred Lake-Andre Lake area. Key to
symbols: (1) conglomerate, (2) breccia unit, (3) shale, siltstone and
greywacke, (4) basaltic lava flow, (5) felsic pyroclastic rock, (6)
rhyolitic lava flow, (7) felsic intrusive rock, (8) coarse rhyolite
breccia associated with Dore sediments, (9) iron formation, (10) mafic
and ultramafic intrusive rock.

Tectono-stratigraphic correlation diagram for the four geologic
sections marked in figure 1. The relative stratigraphic positions of

samples located in figures 1, 2 and 3 are indicated.

. AFM diagram (in wt. percent) for volcanic rock samples (located on

figures 1, 2 and 3) from units MV1l, FV1 and FV3 of the Michipicoten

greenstone belt.

. Chondrite-normalized [21] rare earth element diagram for the samples

listed in Table 1.

Location map of the Taupo-Kermadec-Tonga volcanic arc system [26].
Minor and trace element concentrations of voluminous continental (A)
low-silica (70 - 75 wt.X) and (B) high-silica (>75 wt.%) rhyolitic
ash-flow tuffs normalized to chondrites (except Rb, K, P) following
the procedure of Thompson et al. [42]. Data sources: 1low and
high-silica Michipicoten rhyolite pyroclastic rocks, units FV1 and FV3

(Table 1), Huckleberry Ridge Tuff and Lava Creek Tuff, Yellowstone




10.

11.

12.

Plateau volcanic field [34], Paisano tuff, Trans-Pecos volcanic
province [30], Jemez rhyolite, Rio Grande rift [42], older pumice and
Matahina Ignimbrite, Taupo volcanic zone [37, 43-45], typical
ignimbrites, Sierra Madre Occidental [38].

Normalized {42]) minor and trace element compositions of LREE-depleted
basalts. Data sources: depleted basalt, unit MV1 of the Michipicoten
belt (Table 1), New Britian island-arc tholeiite [40], N-type MORB and
the Preshal Mhor basalt from the Isle of Skye [42].

Enriched and depleted Michipicoten lower sequence basalts from Table 1
compared on the normalized [42] minor and trace element abundance
diagram. Also shown is the basal rhyolite of Michipicoten Harbour
(sample WW185, figure 4), which may have been a contaminant involved
in the petrogenesis of the enriched basalts.

Volumetrically mino¥ high-silica (>75 wt.X) Cenozoic rhyolites from
Saipon Island, Mariana frontal arc [48], Garua Harbour, New Britian
island arc [47] and the Undu Volcanic Group, Fiji [46] compared to the
Andre Lake rhyolite, a thin bed of high-silica rhyolite (sample WW275,
Table 1) from unit MV1, Michipicoten greenstone belt. Elements are
normalized after Thompson et al. [42].

General geology of the Wawa and Abitibi subprovinces and surrounding
regions. Subdivision of the Abitibi subprovince from Ludden et al.

[53].
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